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Abstract: 
We examined the association between dietary patterns and prostate cancer risk using data from the 
first National Health and Nutrition Examination Epidemiologic Follow-up Study. The study 
population included 3,779 men followed 1982-4 to 1992, with 136 prostate cancer cases identified 
during the follow-up. Principal components analysis on responses to a lOS-item diet questionnaire 
in 1982-84 was used to identify dietary patterns, and scores representing level of intake of each 
pattern were categorized into tertiles. Three distinct patterns were identified: a vegetable-fruit 
pattern, a red meat-starch pattern characterized by intake of beef, pork, potatoes, and sweets, and a 
southern pattern characterized by foods including cornbread, grits, bacon, beans, and okra. In 
proportional hazards models, prostate cancer risk was not associated with the red meat-starch 
pattern, but it was non-significantly higher with intermediate consumption of a fruit-vegetable 
pattern and non-significantly lower with high intake of a southern dietary pattern (RR=0.6, 95% CI 
0.4-1.1 for highest vs. lowest tertile). Of the nutrients and foods that we examined, only calcium and 
dairy foods were associated with prostate cancer risk, but RR estimates for dietary patterns were 
unchanged after adjustment for either calcium or dairy. Features of the patterns that might 
contribute to the associations that we observed have yet to be elucidated. 
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INTRODUCTION  
While epidemiologic studies and intervention trials on diet and prostate cancer have 
focused primarily on specific factors in the diet, associations of dietary patterns with prostate 
cancer risk have not been studied previously. Findings based on dietary patterns are valuable for 
two primary reasons. First, they provide additional insight into the epidemiology of prostate cancer 
with respect to its distribution within and across populations beyond what can be learned by 
studying individual dietary components alone. Second, they contribute knowledge needed to 
evaluate whole-diet modification as an alternative to single-factor dietary strategies towards 
prevention of the disease. We undertook this research to examine the association between dietary 
patterns and prostate cancer risk using principal components analysis to measure intake of dietary 
patterns. Specifically, we sought to (1) confirm the presence of the "western" and "prudent" dietary 
patterns in a nationally representative sample of men, (2) test the hypothesis that a "western" diet 
is associated with prostate cancer risk, (3) determine if dietary pattern associations with prostate 
cancer are stronger than those found for more conventional measures of dietary intake, such as 
total fat, saturated fat, and red meat intake, and (4) examine the extent to which the difference in 
prostate cancer risk between black and white men in the US can be attributed to interethnic 
differences in dietary pattern intake. Below, we describe the progress made over the past year 
towards the tasks outlined in our Statement of Work.  
 
 
 
 
 
 
 
 
 
 
 
 
BODY  
Task1    Acquisition and setup of NHEFS data (months 1-5)  
We were able to obtain relevant subsets of NHEFS data from Dr. Rosalind Breslow 
(Centers for Disease Control), and from Dr. Regina Ziegler (National Cancer Institute) at 
no cost. Available datasets were already partially edited and near ready for use in 
analysis. Descriptive characteristics of the study sample are shown in Table 1.  
 
Task 2. Identification of dietary patterns (months 6-12)  
a. Perform principal components analyses to identify dietary patterns  
        Patterns of food intake were identified by principal components analysis (PCA) 
using frequency responses to the NHEFS 1982-84 dietary questionnaire. Individuals 
were randomly placed into one of two equally sized groups, or splitsamples, and the 
PCA was conducted in the separate samples to confirm reproducibility of patterns 
identified. Cronbach's coefficient alpha (1) was used to evaluate internal consistency for 
each component retained; in psychometric research, a coefficient alpha of ≥O.70 
generally indicates acceptable reliability. Three dietary patterns emerged consistently 
across the split samples (Table 2):  (1) a "vegetable-fruit" pattern with high loadings for 
vegetables, fruits, and seafood (fish and shellfish); (2) a "red meat-starch" pattern with 
high loadings for red meats, potatoes, salty snacks, cheese, and sweets and desserts; 
and (3) a "southern" pattern with high loadings for beans, rice, and such traditionally 
southern foods as cornbread, grits, sweet potatoes, and okra. The same three patterns 
emerged when we conducted the analysis in black men only. 
 
 
b. Conduct sensitivity analyses to confirm robustness of results  
 
When we repeated analyses collapsing the 105 food items into 37 predefined food groups 
(2), only two patterns resembling the vegetable-fruit and red meatstarch patterns emerged. We 
chose not to collapse food items for two main reasons. First, grouping foods prior to PCA may 
attenuate measures of association between dietary patterns and disease (3). Second, because 
different individual food items are consumed in different contexts and in different combinations, 
creating groups of potentially dissimilar foods may diminish the ability to identify more specific 
patterns. Additional sensitivity analyses are described under section (d).  
 
c. Assess reliability and validity of dietary patterns identified  
As an assessment of construct validity, we described the distributions of selected 
sociodemographic and health-related characteristics (4-6) across pattern tertiles (Table 3). Men 
with high intake of the vegetable-fruit pattern were more likely to be white and of higher SES, to 
live in the northeastern and western US and in suburbs, and to use multivitamins, exercise, and not 
smoke. Men with high intake of the red meat-starch pattern were more likely to be white and 
younger in age, to live in rural areas and in the Midwest, and to smoke, exercise, and not use 
multivitamins. Associations of the red meat-starch pattern with SES indicators reflected neither 
especially high nor especially low SES: men with high intake were more likely to have graduated 
high school but not college and were more likely to be above the poverty level but not at the highest 
incomes. In contrast, men with high intake of the southern pattern were more likely to be black, to 
be of lower SES, to live in rural areas and in the South, and to smoke and not use multivitamins.  
 
d. Calculate component scores to represent level of intake of each dietary pattern for each subject  
A component score was calculated for each dietary pattern for each individual to represent 
the individual's level of intake for the pattern. The score for each pattern was computed as a linear 
composite of the foods with meaningful loadings (≥0.20) for only that pattern. Scores were 
calculated by taking the unweighted sum of standardized frequencies of intake for each food 
associated with the pattern. When we computed pattern scores as a linear composite of all 
variables weighted based on regression results (7), scores calculated the two different ways were 
highly correlated (r>0.85), and estimates of relative risk for prostate cancer were similar. 
Task 3.  Examination of dietary pattern -prostate cancer risk associations (months 13·18)  
a.  Conduct statistical analyses to quantify associations between dietary patterns and prostate 
cancer risk  
 
In Cox proportional hazards models (Table 4), while the red meat-starch pattern was not 
associated with prostate cancer, intermediate intake of the vegetable-fruit pattern showed a slight 
elevation of risk (RR=1.5, 95% CI 0.9 2.3). However, for neither pattern was there evidence of a 
trend, and none of the point estimates reached statistical significance. Higher intake of the southern 
pattern showed a trend and a reduction in risk in the third tertile (3
rd 
VS. 1
st 
tertile RR=0.6, 95% CI 
0.4-1.1) that approached statistical significance. In race-specific analyses, associations between 
dietary patterns and prostate cancer risk were more pronounced in black men and an inverse 
association for the red meat-starch pattern emerged (Table 5), but estimates were based on a small 
number of cases, and p-values for interaction were not significant.  
Since 1986, when the US Food and Drug Administration approved the prostate-specific antigen 
(PSA) test for monitoring prostate cancer progression, incidence has increased more steeply in men 
of higher socioeconomic status and, presumably, with better awareness of or access to screening 
modalities (8). To explore the possibility of detection bias, we conducted additional analyses 
including only cases identified before 1986. The inverse association persisted (3
rd 
VS. 1
st 
tertiIe 
RR=O.4, 95% CI 0.2-0.9), but estimates were based on only 46 cases.  
 
b. Perform sensitivity analyses  
Risk estimates were not materially different when we excluded 14 prostate cancer cases 
diagnosed within a year of the dietary interview, re-classified 47 "probable" cases as non-cases, or 
used age rather than time-on-study as the time scale.  
 
c. Quantify associations between single nutrients/foods and prostate cancer risk for comparison 
with dietary pattern findings  
We explored possible explanations for the inverse association for the southern pattern by 
examining each of the foods associated with it, but none were associated with prostate cancer risk 
(Table 6). Intake of other specific nutrients and food groups that have previously been linked to 
prostate cancer risk were also not clearly associated with disease, although men with an 
intermediate level of fruit intake had a non-significantly elevated risk.  
 
d. Evaluate dietary patterns as mediator of higher prostate cancer risk in African American vs. white 
men in NHEFS cohort  
Dietary patterns were not pursued as a mediator of the higher prostate cancer risk in 
African American men because black men remained at higher risk for prostate cancer despite their 
higher intake of an apparently protective southern pattern. 
Task 4.  Final analyses, report writing, and preparation of manuscripts (months 19-24) 
A manuscript describing these results in detail is currently under preparation. 
 
 
 
  
 
 
 
 
 
 
 
 
 
TABLE 1. Descriptive characteristics of study population (N=3,779 men).
Characteristic
Age (years)
Race
White
Black
Other
Education
<HS
HS
>HS
Unknown
Region
Northeast
Midwest
South
West
Unknown
Mean :J:SD
58.3 ± 14.7
N(%)
3,310 (88)
423 (II)
46 (1)
1,526 (40)
1,154 (31)
1,076 (28)
23 (I)
1043 (28)
1008 (27)
797 (21)
921 (24)
10 (0.3)
   
Table 2. Factor loadings for foods associated with each dietary pattern, in split samples.
Vegetable-fruit Red meat-starch Southern
sample Ii sample 2b sample I sample 2 sample I sample 2
Carrots 55 44 Salty snacks C 47 35 Cornbread or hush
Iceberglhead lettuce 49 47 Friedpotatoes 44 39 puppies 60 58
Broccoli 48 49 Pork 42 22 Okra 51 65
Cauliflower 46 47 Mixed dishes with Sweet potatoes or
Leaf lettuce 45 38 meat or cheese 42 35 yellow yams 48 56
Salad dressing 42 40 Pickles or olives 4t 34 Quickbread & 47 53
Grapefruit 40 32 Chocolate 4t 38 Grits 40 46
Cucumber 40 39 Ketchup or tomato Bacon 40 40
Green pepper 40 40 chili sauce 37 31 Beans 36 38
Summer squash 38 37 Beef 37 40 Rice 32 35
Pear 37 30 Processed meat e 36 34 Watermelon 32 34
Fresh tomato 35 36 While potatoes 35 46 Liver 29 32
Fish (fresh or frozen) 35 33 Sweets and desserts r 34 42
Brussels sprouts 35 38 Cheese sauce. while
Apples 35 32 sauce, thick gravy 34 32
Oranges 34 37 Corn 30 36
Winter squash 34 35 Pasta 27 28
Apricots 33 24 Ice cream 24 34
Bananas 32 33 Cheese and cheese
Vegetable soup 32 25 dishes 24 26
Cottage cheese 31 25 Peanuts 22 22
Strawberries 28 26
Canned fish 26 28
Cooked tomatoes 25 24
Plums 24 24
Shellfish 23 28
Nuts (not peanuts) 22 21
Sweet red pepper 22 22
% variance 5.2 4.5 3.3 2.9 2.3 3.4
Coefficient alpha 0.77 0.74 0.64 0.63 0.62 0.65
a N_l,866 men
b N= 1,913 men
C Includes potato chips, pretzels, crackers, and salted nuts
d Includes roast pork, pork chops, fresh ham, and spare ribs
e Includes sandwich or packaged luncheon meats, hot dogs, and meat spread~
f Includes c3kes, donuts, cookies, pies, and candy
g Includes muffins, biscuits, and flour tortillas
  
 
 MTseng
TABLE 3. Sociodemographic and health behavior characteristics by dietary pattern tertiles (N=3,544).
Vegetable-fruit pattern tertiles Red meat-starch pattern tertiles Southern pattern tertiles1 2 3 1 2 3 l 2 3Mean age (y) 57 ± 15 57 ± 15 59 ± 14 61 ± 14 58± 14 55 ± 14 57 ± 14 57 ± 14 59± 15Black (%) 14 8 9 16 9 7 3 6 24Region (%)
Northeast 25 27 33 31 27 26 35 29 19Midwest 28 29 24 19 28 33 36 30 14South 26 21 15 24 22 16 7 11 45West 21 24 28 26 22 25 22 29 22Residence (%)
Rural 44 39 34 33 39 44 33 37 48Urban 37 35 38 42 36 32 38 36 36Suburbs 19 26 28 25 25 24 30 27 16Education (%)
<HS 47 38 34 43 39 36 32 31 57HS 32 32 29 26 32 35 34 35 24>HS 21 30 37 31 29 29 34 34 20Managerial/professional
occupation (%) 18 23 28 26 24 19 25 27 16Poverty-income ratio (%)*
$1 15 8 8 l4 9 8 6 7 18>1-3.5 60 60 53 53 57 63 57 57 60>3.5 23 32 38 33 34 29 37 36 22Current smoker (%) 36 31 23 27 29 35 28 28 34Current multivitamin use 20 23 27 26 24 21 25 25 20(%)
Exercise (%)
Little/none 37 24 26 33 29 27 29 28 31Moderate 47 56 49 50 52 50 52 51 48Much 16 20 24 18 19 24 19 20 21* Ratio of family income to a Census Bureau-deternnined poverty threshold for household size and adult/child composition of family;a ratio <1 is considered to represent below poverty level. (N=2,491)
  
 
 
 
 
 
 
 
TABLE 4. Relative risk (RR) estimates and 95% confidence intervals (el) by dietary pattern
intake (N=3,616).
Dietary pattern Prostate cancer Minimal model3 Full rnodd
cases
Vegetable-fruit
terti Ie I 35 1.0 1.0
terti Ie 2 51 1.4 (0.9-1.8) 1.5 (0.9-2.3)
terti Ie 3 45 1.2 (0.7-1.8) 1.2 (0.7-2.0)
p for trcnde 0.72 0.64
Red meat-starch
terti Ie 1 61 1.0 1.0
terti Ie 2 38 0.8 (0.5-1.2) 0.7 (0.5-1.2)
terti Ie 3 32 0.9 (0.6-1.3) 0.8 (0.4-1.4)
P for trend 0.47 0.37
Southern
tertile I 45 1.0 1.0
terti Ie 2 43 0.9 (0.6-1.3) 0.9 (0.6-1.4)
terti Ie 3 43 0.7 (0.4-1.0) 0.6 (0.4-1.1)
P for trend 0.06 0.08
'Models adjusted for age, race, and design variables.
b Models adjusted for age, race, design variables, region, urban/rural residence, education,
recreational sun exposure, smoking status, leisure physical activity level, energy intake (tertiles),
and alcohol intake.
, p-value for trend was obtained for each pattern by including in the model a variable
representing the median value for each tertile.
  
 
 
 
 
 
 
 
 
 
TABLE 5. Relative risk (RR) estimates' and 95% confidence intervals (CI) for dichotomized
pattern intake' in black (N=385) and non-black (N=3,23I) men.
RR (95% Cl)
Non-black men
Dietary pattern Cases I Non-
cases
RR (95% Cl)
Black men
Cases I Non-
cases
Vegetable-fruit
Low
High
p for interactionC
Red meat-starch
Low
High
p for interaction
Southern
Low
High
p for interaction
30/1142
7411985
42/930
62/2197
93/2708
11/419
1.0 10 I 182
1.2 (0.8-2.0) 17 I 176
0.51
1.0 17/175
0.8 (0.5-1.4) 10 1183
0.63
1.0 181 174
0.7 (0.3-1.4) 9/184
0.47
1.0
2.0 (0.84.9)
1.0
0.4 (0.1-I.l)
1.0
0.2 (0.1-0.6)
a Models adjusted for age, region, urban/rural residence, education, recreational sun exposure,
smoking status, leisure physical activity level, energy intake (tertiles), and alcohol intake.
b All pattern scores were dichotomized at median value for black men.
C p-value for interaction was obtained by including in the model a dichotomized pattern x race
interaction term.
 KEY RESEARCH ACCOMPLISHMENTS 
 
• successfully obtained all necessary and relevant datasets 
• successfully conducted planned analyses towards research objectives - namely: 
in a nationally representative sample of men, confinned the presence of the two 
dietary patterns expected a priori, and identified a new dietary pattern in 
the 
sample 
examined dietary patterns in relation to prostate cancer risk, finding no 
association for the red meat-starch pattern as was originally expected, but 
finding 
an inverse association for the southern pattern 
found stronger associations for the southern pattern than for any single food in the 
southern pattern 
made a serendipitous finding of higher risk associated with dairy and 
calcium intake, to be pursued in further analyses 
 
REPORTABLE OUTCOMES 
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Abstracts 
 
1.  Tseng M, Breslow R, Babb J, DeVellis RF, Ziegler R. Dietary patterns and prostate 
cancer in the NHANES I Epidemiologic Followup Study Cohort (abstr). Proc Am Assoc 
Cancer Res 43: 933, 2002. 
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cancer in the NHANES I Epidemiologic Followup Study Cohort (abstr). Am J Epidemiol 
155: S55, 2002. 
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Cancer in the NHANES I Epidemiologic Followup Study (abstr). Am J Epidemiol 155: 
S55,2002. 
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1.  Tseng M, Breslow R, Babb J, DeVellis RF, Ziegler R. (2002). Dietary patterns and 
prostate cancer in the NHANES I Epidemiologic Followup Study Cohort. Presented as 
poster at the American Association for Cancer Research meeting, San Francisco, CA, and 
at the Society for Epidemiologic Research meeting, Palm Desert, CA. 
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Prostate Cancer in the NHANES I Epidemiologic Followup Study. Presented at the 
Society for Epidemiologic Research meeting, Palm Desert, CA. 
 
CONCLUSIONS 
 
Our results do not support the hypothesis that a western pattern increases risk of prostate 
cancer. In contrast, we observed an inverse association for the southern pattern, and RR estimate 
for the highest terti Ie and the p for trend approached statistical significance. This finding is 
especially intriguing because black men were more likely to consume this pattern yet remained at 
higher risk for prostate cancer. In race-specific analyses, the apparent inverse association persisted 
in both black and non-black men. The association was not attributable to any individual foods 
within the pattern or to any nutrients of prior interest. Our finding raises the possibility that 
prostate cancer incidence might increase with movement away from a traditional southern cuisine. 
Alternatively, a southern dietary pattern may serve as an integrative marker of sunlight exposure 
by reflecting a history of living in the South and, accordingly, of the protective effect of sunlight 
through the vitamin D production (9). We plan to request approval for conducting additional 
analyses in our Statement of Work to explore the interaction of the southern pattern with 
dairylcalcium intake in future work. 
In addition, better characterization of the southern pattern than was possible here would 
offer more information on features of the diet that might be beneficial. Dietary patterns represent 
only a limited set of foods, and of nutrients for which those foods are major sources. Moreover, 
using dietary questionnaires created for a purpose other than pattern analysis permits 
identification of only the most general patterns, even when foods are not grouped. Additional work 
in developing and improving methods for measuring dietary patterns - for example, using more 
detailed and focused dietary instruments to identify specific rather than broad dietary patterns, 
characterizing other dimensions of eating habits such as meal patterns (10, 11) or meal formats 
(12), and incorporating an understanding of social, economic, and cultural influences on eating 
habits - could yield important benefits. Measured well, a dietary pattern approach has several 
potential advantages over a single nutrient or single factor approach: findings are more usefully 
communicated as public health messages, they provide a better understanding of the extent to 
which social trends in eating habits affect disease, and they provide a basis for wholediet 
interventions to modify risk (13). 
In summary, we found that prostate cancer risk was not associated with a red meat-starch 
pattern, but it was non-significantly higher with intermediate consumption of a fruit-vegetable 
pattern and non-significantly lower with high intake of a southern dietary pattern. Features of 
the patterns that might contribute to the associations that we observed have yet to be elucidated. 
While a pattern approach might yield a valuable perspective in diet-disease studies, strategies for 
improving methods of identifying and quantifying dietary patterns also require further 
consideration. 
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Although epidemiologic and laboratory research suggests a role for diet in prostate cancer 
etiology, the importance of dietary intake overall is difficult to quantify, in part because of 
previous studies' focus on specific components of the diet. We examined the association 
between dietary patterns and prostate cancer risk using prospective, nationally representative 
data from the first National Health and Nutrition Examination Epidemiologic Follow-up Study. 
The study population included 3,779 men followed 1982-4 to 1992. Prostate cancer cases 
(n=136) were identified by self-report, hospital records, and death certificates. Principal 
components analysis on responses to a lOS-item food frequency questionnaire in 1982-84 was 
used to identify patterns of food intake, and component scores representing level of intake of 
each pattern were categorized into tertiles. Three distinct patterns were identified: a vegetablefruit 
pattern, a red meat-starch pattern characterized by intake of beef, pork, potatoes, and 
sweets, and a Southern pattern characterized by foods including cornbread, grits, bacon, beans, 
and okra. In Cox proportional hazards models adjusting for age and race, intake of the Southern 
pattern was inversely associated with prostate cancer (RR=0.6, 95% CI 0.4-0.9 for highest vs. 
lowest tertile), but no clear associations emerged for other patterns. Preliminary findings suggest 
that examination of dietary patterns may provide a perspective on diet and prostate cancer that is 
different from findings based on single dietary factors. 
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patterns. Our findings suggest that examination of dietary patterns may provide a perspective on 
diet and prostate cancer that is different from findings based on single dietary factors. 
 
 
 
 
 
 
 
 
 
M Tseng, R Breslow, J Babb, RF DeVellis, R Ziegler. Dairy, Calcium, and Prostate Cancer in 
the NHANES I Epidemiologic Followup Study (abstr). Am J Epidemiol155: S31, 2002. 
 
Previous studies indicate that dairy intake increases prostate cancer risk. Whether the association 
is due to calcium in dairy, however, remains unclear, and findings on calcium intake and prostate 
cancer are inconsistent. We examined the association of dairy and calcium intake with prostate 
cancer using prospective data on 3,789 men followed 1982-4 to 1992 as part of the first National 
Health and Nutrition Examination Epidemiologic Follow-up Study. Prostate cancer cases 
(n=136) were identified by self-report, hospital records, and death certificates. Calcium, total fat, 
and energy intake was estimated by multiplying reported frequency of intake of each food in the 
1982-4 dietary interview by portion-specific nutrient content estimated from sex- and agespecific 
24-hour recall data from the second National Health and Nutrition Examination Survey. 
Relative risk (RR) of prostate cancer and 95% confidence intervals (95% CI) were estimated 
using Cox proportional hazards models adjusting for age, race, and energy intake. Compared 
with men eating dairy products <1 time/day, men eating;:::2 times/day had a RR of 2.1 (95% CI 
1.3-3.5). Lowfat milk in particular was associated with risk (RR 2.0, 95% CI 1.2-3.2 for ;:::1 
time/day VS. 3-4 times/week), while whole milk was not (RR 1.1,95% CI 0.6-2.0,;:::1 time/day 
VS. 3-4 times/week). Dietary calcium intake was also associated with risk (RR 2.4, 95% CI 1.53.7, 
3rdVS. 1st tertiles), although dietary fat was not (RR 1.0,95% CI 0.6-1.5, 3rd VS. 1st tertiles). 
Our findings support the hypothesis that dairy intake is associated with increased prostate cancer 
risk, and that the association may be due to its calcium content.  
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